I >c'.i".N<"-i : - Ht-.r. ->£^ 



per 



VVORI ,> ,STI.LLKtl M. I'ROIM RTN .)M.\SI7 M 
WUK " |nlornjii>.iul Hut cm. 




(51) International Pa.ent Classification 5 : 



A61K 39/39 



(21) International Application Number: 

(22) Internationa. Filte* Date: 8 November .99. (08.11.91) 




(30) Priority data: 

9024282.7 
9115410.4 



8 November 1990 (08.11.90) 
17 July 1991 (17.07.91) 



GB 
GB 



London WClE 6HA (GB). 
(72) Inventors: and onniC Graham. Ar- 

gate. Maiden. Kent TN12 9TE (GB)- 



SUX (CBI 

(81, tainted S-.aa* AT. AT g»g«SSrSt ft I 
felpfLSrar dTd'e patent)! DtL 

p^Tslr .TO <0«l piUffo (OAP1 paten.,. bS. 
Published 

Vf7r/, unemotional search repon. , f/f<? 



(54) Title: MYCOBACTERIUM AS ADJUVANT FOR ANTIGENS 



(57) Abstract , U(W<u/j especia.lv killed cells of M. vaccae. is an ad- 



+ DESIGNATIONS OF "SU" 



Any designation of "SIT has effect in the Russian Federation. It is not yet known whether any 
designation has effect in other States of the former Soviet Union. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes usedto identify Stales party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 
AU 
BB 
BE 
BP 
BC 
BJ 
BA 
CA 
CP 

cc 

CH 

a 

CM 

cs 
oe 

OK 



Austria 

AtoiTMlU 

Barbados 

Belgium 

Burkina Faao 

Bulgaria 

Benin 

Brazil 



Conuai African Republic 

Conge 

Switzerland 

Cote d 'I voire 

Cameroon 

Czechoslovakia 

Germany 

Denmark 



ES 

Fl 

FR 

CA 

CB 

CN 

GR 

HU 

rr 
if 
kf 

KR 

U 
LK 
LU 
MC 



Spain 
Finland 
Fn 



U«»u*J Kingdom 

Guinea 

Greece 

Hungary 

Uaiy 



Democratic Peopte** Republi* 
of Korea 

Repuoltc of Korea 



Sri LanU 
Uueaihourg 



MC 

ML 

MN 

MR 

MW 

NL 

HO 

FL 

BO 

SO 

S£ 

SN 

SU* 

TO 

TC 

US 



Mongolia 
Mauritania 



Netherlands 
Norway 
Poland 
Romania 



Sweden 
Senegal 
Soviet Union 
Chad 
Togo 

United Stato of America 



WO PCT/C B9 1 /() 1 964 

- 1 - 

Mycobacterium as adjuvant for antigens 



The present invention relates to carriers, and more 
particularly adjuvants, for antigens (including allergens), 
for use in vaccination, and other ways of altering, in a 
5 favorable way, the immune response to an antigen. 

Killed cells of M. vaccae are known to be useful as 
immunotherapeutic agents in mycobacterial diseases such as 
tuberculosis and leprosy (see GB-A-2156673) . This known 
use of M. vaccae may rely upon the stimulation of T-cell 

10 mediated immunity to endogenous antigens of M . vaccae . 

Killed cells of M . vaccae are also useful in the treatment 
of various autoimmune diseases including rheumatoid 
arthritis, ankylosing spondylitis and Reiter's syndrome 
(see PCT/GB 85/00183). 

15 The present invention is f ounded upon the 

surprising observation that killed cells of M . vaccae can 
be used to stimulate and/or modify in a favorable way the 
immune response to antigens which are not endogenous to M . 
vaccae . 

20 The immune response to an antigen has two distinct 

aspects: (1) selection. of an epitope (antigen fragment) as 
an initiator of, and target for, the response; and (2) 
selection of a particular immune response mechanism as the 
response directed against the particular epitope selected. 

25 Current methods of stimulating the immune response, e.g. 
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vaccination, have generally concentrated on the first 
aspect, but it has become clear, in the light of recent 
research, that it is essential that the immune response 
shall be stimulated or modified to a favorable way, since 
5 it is possible to modify the immune response unfavorably, 
leading for example to increased susceptibility to 
infection. One of the surprisingly beneficial properties 
of killed cells of m. vaeeae in that they promote selection 
of a favorable immune response mechanism. 
1G it is known that, at least in the mouse (see, e.g. 

Mosmann & Moore, Immunology Today, 1991, A49-A53) , 
different T-cell subsets have 'different patterns of 
cytokine secretion. T H 2 cells express interleukin (IL) -4 , 
IL-5 and IL-10, whereas T H 1 cells produce IL-2 , V" interferon 
15 (IFN-tf) and lymphotoxin. The T H 2 cells are involved in the 
pattern of immune responses seen in, e.g., asthma, pollen 
allergies, and eczema, while T H 1 cells are involved in the 
pattern used in killing intracellular parasites. It 
appears that killed cells of M. vaccae promote the immune 
20 response characteristic of T H 1 cells. 

Conversion of the T cell component of the response 
to allergens from the T H 2 pattern to the T H 1 pattern 
reduces or terminates symptoms of conditions such as 
asthma, hay fever, and atopic eczema, by reducing 
25 production of IgE, reducing recruitment of eosinophils and 
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mast cells to the inflamed site, and greatly increasing the 
antigen concentration required to trigger a response 
(because the Tjjl response requires a much higher 
concentration of antigen to be triggered than the T H 2 
5 response) . Consequently the levels of allergen in the 
environment become insufficient to trigger symptoms. 

It also appears that killed cells of M. vaccae may 
promote the immune response characteristic of Tjjl cells, 
and in the case of autoantigens , enhance reduction of the 

10 response via the immunoregulatory network. 

The beneficial effect of using killed M. vaccae as 
an adjuvant may also be associated with the 65 kDa 
mycobacterial heat shock protein (hsp 65) described by 
Young et ai. "Stress proteins are immune targets in 

15 leprosy and tuberculosis", Proc. Natl. Acad. Sci. U.S.A. £5 
(1988), pp4267-4270 in form obtained from M. bovis . The 
preferred autoclaved M. vaccae cells used in the present 
' invention as described below are believed to provide an 
effective package of adjuvant, hsp 65 and other substances. 

2 0 The immunoregulatory material derived from 

vaccae or another mycobacterium other than M. tube rculosis 
may be administered with or separately from the antigen 
. exogenous to the mycobacterium to achieve an improved 
response to the antigen. 

25 M. tuberculosis is the causative agent of 

tuberculosis and an avirulent variant of it is used in the 
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production of the BCG used vaccine against tuberculosis in 
immunization programmes throughout the world. 
Immunoregulatory material from M. tuberculosis should not 
be used in accordance with the present invention in order 
5 to avoid compromising the use of BCG vaccine by inducing 
tuberculin test positivity or reducing the subsequent 
efficacy of BCG. For these reasons the use of 
immunoregulatory material from M. tuberculosis is excluded 
from the present invention. 

10 It is believed that material from mycobacterial 

species other than M. tube rculosis might be useful in - 
accordance with the present invention. However, especially 
as it is already a known immunotherapeutic agent, 
immunoregulatory material from M. vaccae is currently 

15 preferred. 

The invention accordingly provides a product 
comprising immunoregulatory material derived from a 
mycobacterium other than M. tuberculosis and an antigen 
exogenous to the mycobacterium as a combined preparation 

20 for simultaneous, separate or sequential use for promoting 
T cell-mediated response to said antigen. 

The product of the invention conveniently, and 
therefore preferably, comprises dead cells of M. vaccae . 
most preferably cells which have been killed by autoclaving 

25 or by irradiation. The product normally comprises more 
than 10 s microorganisms per ml of diluent, and preferably 
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from 10 s to 10 11 killed M . vaccae microorganisms per ml of 
diluent* 

The diluent may be pyrogen-free saline for 
injection alone, or a borate buffer of pH 8.0. The diluent 
5 should be sterile. A suitable borate buffer is: 

Na 2 B407.10H 2 O 3.63 g 

H3BO3 5.25 g 

NaCl 6.19 g 

Tween 80 0.0005% 

10 Distilled Water to 1 litre 



The preferred strain of M. vaccae is one denoted 
R877R isolated from mud samples from the Lango district of 
Central Uganda (J.L. Stanford and R.D. Paul, Ann. Soc. 
Beige Med, Trop. 1973, J5J1 141-389). The strain is a stable 

15 rough variant and belongs to the aururo sub-species. It can 
be identified as belonging to M . vaccae by biochemical and 
antigenic criteria (R. Bonicke, S.E. Juhasz., Zentr albl . 
Bakteriol. Parasitenkd. Infection skr. Hyg. Abt. 1, Orig., 
1964, 122, 133) . 

20 The strain denoted R877R has been deposited under 

the Budapest Convention at the National Collection of Type 
Cultures (NCTC) Central Public Health Laboratory, Colindale 
Avenue, London NW9 5HT, United Kingdom on February 13th, 
1984 under the number NCTC 11659. 
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For the preparation, of the product of the 
invention, the microorganism M. vaccae may be grown on a 
suitable solid medium. A modified Sauton's liquid medium 
is preferred (S.V. Boyden and E. SorJcin. , J. Immunol, 1955 
5 Z5., 15) solidified with agar. Preferably the solid medium 
contains 1.3% agar. The medium inoculated with the 
microorganisms is incubated aerobically to enable growth of 
the microorganisms to take place, generally at 32 *C for 10 
days. The organisms are harvested, then weighed and 

10 suspended in a diluent. The diluent may be unbuffered 
saline but is preferably borate-buf f ered and contains a 
surfactant such as Tween 8 0 as described above. The 
suspension is diluted to give 200 mg of microorganism/ml. 
For further dilution, borate buffered saline is preferably 

15 used so that the suspension contains 10 mg wet weight of 
microorganisms/ml of diluent. The suspension may then be 
dispensed into suitable multidose vials (e.g. 1 ml) . 
Although the microorganisms in the vials may be killed 
using irradiation, e.g. from 60 Cobalt at a dose of 2.5 

2 0 megarads, or by any other means, for example chemically, it 
is preferred to kill the microorganisms by autoclaving, for 
example at 10-15 psig (69-104 kPa) for 10-15 minutes (115 % - 
125*C). It has been discovered, unexpectedly, that 
autoclaving yields a more effective preparation than 

2 5 irradiation. 

Extracts or fractioned portions of the 
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microorganisms can also be used provided, of course, they 
have the required adjuvant effect. 

The immunotherapeutic product of the invention 
comprises an association of an effective, non-toxic 
5 immunomodifying amount of an immunoregulatory material from 
a mycobacterium other than M. tuberculosis , especially 1L. 
vaccae . and of an effective, non-toxic, immunity- 
stimulating amount of an antigen exogenous to the 
mycobacterium. 

10; The exogenous antigen may be any antigen against 

which it is desired to stimulate T-cell mediated immunity 
or to alter the nature of the T-cell response, to achieve 
palliation or cure of the infection or other condition to 
be treated. Examples include antigens associated with 

15. diseases at present regarded as having an autoimmune 

aetiology such as multiple sclerosis, antigens associated 
with chronic viral infections such as hepatitis, bovine 
spongiform encephalopathy (BSE) , and myoencephalitis (ME) , 
antigens associated with cryptic parasite infections such 

2 0 as leishmaniasis and trypanosomiasis, and allergens (e.g. 
those present in pollens, animal dander, and house dust 
mite) responsible for such conditions as hayfever, asthma, 
food allergy and eczema. The immunotherapeutic product of 
the invention incorporating the appropriate exogenous 

25 antigen may be used prophylactically or therapeutically. 

The exogenous antigen may be produced by any 
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conventional technique, such as by culture and killing or 
attenuating the disease organism to provide a killed or 
attenuated vaccine, by separation and purification of the 
antigen, with optional chemical modification thereof, from 
5 a disease organism or, in the case of proteinaceous 

antigens, by expression of a gene encoding the antigenic 
protein in a suitable recombinant organism. 

The exogenous antigen may be combined with the 
immunoregulatory mycobacterial material by admixture, 

10 chemical conjugation or aidsorption using conventional 
techniques. Alternatively the exogenous antigen may be 
produced by expression of an exogenous gene (for instance 
contained vithin a plasmid, cosmid, viral or other 
expression vector or inserted into the genome of the 

15 mycobacteria) in the mycobacteria from which the 

immunoregulatory material is also produced. Thus, for 
instance, recombinant M . vaccae may be cultured so as to 
achieve expression of the exogenous antigen and then killed 
and processed as described above, or under such conditions 

2 0 appropriately modified to preserve the biological activity 
of the exogenous antigen, to provide an immunoregulatory 
material containing the exogenous antigen. Techniques for 
obtaining and expressing such exogenous genes are 
conventional. 

25 The therapeutic agent is in general administered by 

injection in a volume in the range 0.1-0.2 ml, preferably 
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0,1 ml, given intradermally . A single dosage will in 
general contain from 10 7 to 10 10 killed M. vaccae 
microorganisms. It is preferred to administer to patients 
a single dose containing 10 8 to 2xl0 9 killed m. vaccae. 
5 However, the dose may be repeated depending on the 
condition of the patient. 

The amount of exogenous antigen administered in 
association with the H, vaccae is in general the same 
amount as has previously been used when the given antigen 
10 has been administered to provide an immune response. In 
the case of antigens involved in hay fever and asthma, the 
required dosage depends on the manner in which the antigen 
is extracted and specific dosages which are generally 
applicable cannot be given, although therapeutic 
15 preparations containing such antigens are well known, see 
the article on "Desensitising vaccines" , Brit. Med. J. 222. 
(198 6) p. 94 8. For other types of antigen not involved in 
hay fever or asthma, the usual dosage is in the range of 
0.1 to 5 Mg- 

20 The therapeutic agent may be administered with the 

antigen,' typically in admixture, but it is within the scope 
of the invention to administer, e.g. by injection, first 
the therapeutic agent, e.g. killed cells of ft. vaccae, and 
then, into the same site, the exogenous antigen. 

25 Although the therapeutic agent will generally be 

administered by intradermal injection, other routes, e.g. 
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oral administration, can also be used. 

The invention includes within its scope a method of 
treatment of the^ human or animal body which comprises 
administering. an effective non-toxic amount of 
5 immunoregulatory material derived from a mycobacterium 

other than M. tuberculosis and, with or following the said 
material, of an antigen exogenous to the mycobacterium to a 
human or animal in need of T-cell mediated immunity against 
the exogenous antigen or otherwise in need of the pattern 
10 of T-cell mediated response against the exogenous antigen 
promoted by the said immunoregulatory material. 

The invention further provides the use, in the 
manufacture of an immunotherapeutic composition for use in 
treatment of the human or animal body by promoting the T- 
15 cell mediated response to an exogenous antigen, of 

immunoregulatory material derived from a mycobacterium 
other than M. tuberculosis , and pharmaceutical formulations 
comprising an association of the said immunoregulatory 
material and an antigen exogenous to the mycobacterium and 
2 0 one or more diluents or carriers therefor. 

The pharmaceutical formulation can contain further 
ingredients such as additional adjuvants, preservatives, 
stabilisers etc. It may be supplied in sterile injectable 
liquid form or in sterile freeze-fried form which is 
25 reconstituted prior to use. 

The following Example illustrates the invention. 
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M> vaccae NCTC 11659 is grown on a solid medium 
comprising modified Sauton's medium solidified with 1.3% 
agar. The medium is inoculated with the microorganism and 
5 incubated for 10 days at 32 'C to enable growth of the 

microorganism to take place. The microorganisms are then 
harvested by gently scraping the surface of the agar and 
weighed (without drying) and suspended in M/15 borate 
buffered saline at pH8 to give 10 mg of microorganisms/ml 

IQ of saline. The suspension is dispensed into 5 ml vials, 
and then autoclaved for 15 minutes at 15 psi (104 kPa) and 
about 120 'C to kill the microorganisms. This is then 
dispensed into suitable multidose vials. After cooling, 
l/10th volume of exogenous antigen (at the standard 

15 concentration of 2^g/ml) is added. The therapeutic agent 
thus produced is stored at 4 # C before use. A single dose 
consists of 0.1 ml of the suspension, which should be 
shaken vigorously immediately before use, containing 1 mg 
wet weight of M . vaccae and 0.02 of exogenous antigen. 

20 The dose is given by intradermal injection normally over 
the left deltoid muscle. 

Only one dose is normally required. The patient should 
not receive high dose steroids or other immuno-suppressive 
therapy. Up to six months may elapse before the beneficial 

25 effect becomes apparent. 
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CLAIMS 

1. A product comprising immunoregulatory material 
derived from a mycobacterium other than tuberculosis and 
an antigen exogenous to the mycobacterium as a combined 

5 preparation for simultaneous, separate or sequential use 
for promoting T cell-mediated response to said antigen. 

2. A product according to claim 1,. wherein the 
immunoregulatory material derived from a mycobacterium 
•comprises dead cells of M. vaccae. 

10 3. a product according to claim 2, wherein the cells of 

M . vaccae have "been killed by autoclaving. 

4.' A' product according to. claim 2 or claim 3, wherein 
the immunoregulatory material derived from ft, vaccae 
comprises the. 65 kDa heat shock protein. 
15 -'5. A product according to any one of claims 2 to 4 

wherein the material derived from M. vaccae is derived from 
the strain as deposited at the National Collection of Type 
Cultures (NCTC) Central Public Health Laboratory, Colindale 
Avenue, London NW9 5HT, United Kingdom on February 13th , 
20 1984 under the number NCTC 11659. 

6. A product according to any one of claims 1 to 5 
comprising, per dose, immunoregulatory material from 10 7 to 
iqIQ vaccae microorganisms. 

7; A method of treatment comprising administering an 
25 effective non-toxic amount of immunoregulatory material 

derived from a mycobacterium other than &. t^beircujgsyjs anc 
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of an antigen exogenous to the mycobacterium, to a h um an or 
animal in need of T-cell mediated immunity against the 
exogenous antigen,- or otherwise in need of the pattern of T 
cell-mediated response against the exogenous antigen 
5 promoted by the said immunoregulatory material. ' 

B. A method according to claim 7, wherein the 
immunoregulatory material is as defined in any one of 
claims 2 to 6. 

9- The use in the manufacture of an immunotherapeutic 
10 composition for use in treatment of the human or animal 
body by promoting the T cell-mediated response to an 
exogenous antigen of immunoregulatory material derived from 
a mycobacterium other than M. tuberculosis . 

10. The use according to claim 9 of immunoregulatory 
15 material as defined in any one of claims 2 to 6. 

.11. A pharmaceutical formulation comprising an 
association of immunoregulatory material derived from a 
mycobacterium other than M. tuberculosis and an antigen 
exogenous to the mycobacterium, and one or more diluents or 
20 carriers therefor. 

12. A formulation' according to claim 11 comprising 
immunoregulatory material as defined in any one of claims 2 
to 6. 
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